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ABSTRACT 
_I 

A comparative time-displacement ana lys i s ,  motion p i c tu re ,  was per- 
formed t o  quan t i t a t ive ly  assess the f e a s i b i l i t y  and u t i l i t y  o f  
experiments involving pressure-suited astronaut  egress  as a r e s u l t  
of balanced gravi ty  conditions such as would exist on o r b i t i n g  non- 
r o t a t i n g  space s t a t i o n s  and vehicles.  
using a f u l l  s ca l e  a i r lock  provided by Langley Research Center, com- 
p r i s i n g  three d i s t i n c t  hatch configurations enclosing a c y l i n d r i c a l  
passageway. 
modes : 

The experiments were performed 

The experiments were performed i n  t h e  following three 

-Ground/hormal grav i ty  
-Water immersion/neutral buoyancy 
-Ai rc ra f tpa l anced  gravi ty .  

Each of these modes has c e r t a i n  inherent r e s t r i c t i o n s ,  e.g. t he  a i r -  
c r a f t  is severelyspace--time l imi ted ,  water immersion allows ex te rna l  
balanced g rav i ty  conditions only and t h e  ground experiment i s  sub- 
j ec t ed  t o  normal grav i ty .  
w a s  accomplished with sui t -pressure,  subject  and su i t - type  as 
parameters . 

Comparison ana lys i s  o f  t h e  three modes 

The r e s u l t s  of t h i s  ana lys i s  i nd ica t e  t h a t  t he  performance of manned 
egress  maneuvers using t h e  water immersion and a i r c r a f t  modes could 
be successfully cor re la ted  as regards psychological as wel l  as the  
ope ra t iona l  considerations.  Due t o  the  mobil i ty  decrement afforded 
by the  pressure s u i t  and normal grav i ty  e f f e c t s  t h e  character  of 
egress  performance d i f f e red  between the  ground and t h e  t w o  remaining 
modes. The major d i s s i m i l a r i t y  evidenced was i n  t h e  t o t a l  times 
o f  egress as w e l l  as d i s c r e t e  t a s k  performance times and modes. 

Valid experimentation of manned egress under balanced g rav i ty  requice 
t h e  performance o f  water immersion tes ts  backed up with a reduced 
number of a i r c r a f t  t e s t s .  
a d d i t i o n a l l y  required t o  serve a cont ro l  and procedure determination 
funct ion.  
accomplished, t o  qua l i fy  t h i s  conclusion fu r the r .  Considerably 
greater e f f o r t  w i l l  be ca r r i ed  out per t inent  t o  t h i s  e f f e c t  i n  
Phase 11. 

Ground/normal g rav i ty  experiments are 

Due t o  t h e  scope of Phase I, i n s u f f i c i e n t  t e s t i n g  w a s  
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Currently planned and scheduled NASA programs include requirements 
f o r  as t ronaut  extravehicular  operations.  These operat ions a r e  
performed i n  conjunction with docking, crew t r a n s f e r  and ex t r a -  
vehicular  maintenance o r  inspection. To perform these  t a s k s  t h e  
s u i t e d  as t ronauts  a r e  required t o  egress  from t h e  pressurized vehic le  
through an appropriate  exit hatch and/or passageway. 

The first planned maneuvers of t h i s  type occur i n  conjunction with 
t h e  Gemini o r b i t a l  missim. I n  t h i s  egress  maneuver, t h e  ast ronaut  
simply exits from t h e  depressurized Gemini, executes a shor t  s t a y  
inspec t ion  and re turns .  A more sophis t icated operation occurs i n  
conjunction w i t h  the  Apollo lunar  landing mission, i n  t h a t  t h e  crew 
i s  required t o  t r a n s f e r  t o  and from t h e  LEM capsule through an 
a i r l o c k  i n  t h e  command module. 
f o r  t h e  u l t imate  egress  maneuver requirements a t tendant  upon manned 
space s t a t i o n  operation. 

Preliminary ground and a i r c r a f t  demonstrations of egress by WADC, have 
given r i s e  t o  ser ious  l imi t a t ions  and reservat ions.  Additionally,  
it i s  not possible  t o  operate  normally under balanced g rav i ty  con- 
d i t i o n s ,  p a r t i c u l a r l y  i n  fu l l -pressure  s u i t s  which as present ly  
conceived sharply impede t h e  performance and movement o f  t h e  
as t ronaut .  Project  NAS1-4059 was es tab l i shed  t o  provide an a n a l y t i c a l  
and experimental approach t o  t h e  general  problem of manned egress  
maneuvers a t tendant  upon space s t a t i o n  operation. It i s  f u r t h e r  
required t o  provide design c r i t e r i a  and t o  e s t a b l i s h  performance 
l i m i t s  and procedures f o r  t h e  ast ronauts  on board ?zero-gravi ty? 
space s t a t i o n s .  

These operations will form t h e  b a s i s  

Discounting a c t u a l  o r b i t a l  f l i g h t  experiments due t o  considerat ions 
of  cos t  and complexity, t h e r e  e x i s t  t h r e e  bas ic  modes f o r  balanced 
gravi ty/air lock experiments;' e.g., ground t e s t s  i n  which t h e  
maneuvers are performed i n  r e a l  space-time but under normal g rav i ty ,  
water immersion i n  which t h e  ex terna l  gravity-associated f r h t i o n  
i s  n u l l i f i e d  by f l u i d  buoyancy, but i n  which t h e  i n t e r n a l  organs are 
under normal g rav i ty  and f i n a l l y  experiments i n  an a i r c r a f t  
executing a 'Keplerian? maneuver. This l a te r  t es t  a lbei t ,  providing 
balanced g r a v i t y ,  physiological stimulus i s  highly r e s t r i c t e d - d u e  
t o  space and t i m e  l i m i t a t i o n s  imposed by t h e  a i r c r a f t .  

To accomplish t h e  required evaluation, NAS1-4059 Phase I e f f o r t  
proceeded t o  demonstrate and appraise the  optimum mode ( s )  of 
experimentation required f o r  t h e  pos tu la t ion  and optimization of t h e  
egress/ingress maneuver and a i r lock  operation including ground, 
water immersion and a i r c r a r t  t e s t s .  Further,  Phase I included t h e  
demonstration of t e s t  i n  t h e  three modes and preliminary design and 
planning of more comprehensive Phase I1 experiments. 

ii 
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TECHNICAL DISCUSS I O N  l -  

I 

INTRODUCTION 

Operational requirements of astronaut ( s )  performance in a balanced 
gravity environment,zero-gravity, requires the definition and 
specification of new equipment and procedures. 
ment is particularly critical as regards the ingress/egress maneuvers. 
Ingress/egress maneuvers comprise the movement of pressure-suited 
and unsuited astronaut(s) through passageways and hatches. 
programs require the maneuvers to be performed in both an internal 
and external mode. For the Gemini project the astronaut(s) will exit 
from the unpressurixed vehicle into free space; the Apollo project 
requires the internal transfer of astronauts to and from the Command 
Module and the LEM. Subsequent zero-gravity space station operations 
will probably require both types of ingress/egress and will addition- 
ally include materials transfer, emergency operation with multi- 
manned access and will require repetitive cycling. 

This design require- 

Planned 

Two main phenomenological factors contribute to the difficulty of 
design and design specification in this area as regards airlock, 
hatch and passageway design as well as the ingress/egress procedures . 
These factors are the absence of external friction due to weightless- 

operation in a full pressure suit in a balanced gravity environment. 
I ness and the performance decrement occuring as a result of manned 

NAS1-4059, A Study of Astronaut Performance During Ingress and Egress 
Maneuvers Through Spacecraft Airlocks and Passageways, was initiated 
to supply design and performance information pertinent to this 
critical area. The project comprised the measurement of the per- 
formance of suited astronauts in full-scale airlocks and hatches 
under simulated balanced gravity conditions. Phase I effort was 
restricted to the proof of feasibility of experimental techniques 
and analytical procedures. 

1 



METHOD 

Ingressfigress Maneuver 
- 

I -  

i 
1 -  

c 

The ingress/egress maneuver i s  one of t h e  most c r i t i c a l  operat ions t o  
be performed i n  space on board a zero-gravity space s t a t i o n .  It is  
during t h i s  maneuver t h a t  t h e  sealed i n t e g r i t y  of  t h e  s t a t i o n  i s  
momentarily broken, i .e.  t h e  hermetic sealed hatches o f  the  a i r l o c k  
are required t o  function. This maneuver i s  f u r t h e r  complicated by 
t h e  r e p e t i t i v e  operating requirements evidenced as a. r e s u l t  o f  docking, 
crew supply and ro t a t ion ,  and extravehicular  maintenance and inspec- 
t i o n  funct ions imposed by space s t a t i o n  type missions. 
requirements do not ,  ab nova, exercize a once-a-day cons t ra in t ,  most 
p re -o rb i t a l  design planning impose t h i s  l e v e l  of  cycling. 
ingress/egress maneuver t h e  astronaut  ( s )  a r e  required t o  t r a n s f e r  
between two pressurized compartments, e.g. as i n  t h e  Apollo mission 
o r  t o  t r a n s f e r  between t h e  pressurized s t a t i o n  compartment and f r e e  
space o r  o t h e r  unpressurized vehicles  o r  compartments. 

The more sophis t ica ted  ingress/egress maneuvers evidenced as a r e s u l t  
of  planned space s t a t i o n  operation requi re  t h e  i n t e r p o s i t i o n  of an 
a i r l o c k  component t o  prevent undue o r  excessive loss of breathing 
gases. 
connected by an intervening,  a i r  t i g h t ,  passageway. The astronaut  
i s  required t o  make a t r a n s i t i o n  from t h e  normal pressurized s t a t i o n  
environment, probably s h i r t  sleeve,  t o  a self contained exis tence 
i n  free space o r  o ther ,  v i a  an anthropomorphic f u l l  pressure s u i t  
and l i f e  support u n i t .  This  combination u n i t ,  an outgrowth o f  t h e  
cur ren t  Navy Mark IV-FPS, affords a non-rigid sealed-gas containment 
a t  a pressure equal t o  o r  s l i g h t l y  l e s s  than tha t  normally ex i s t ing  
on t h e  s t a t i o n .  The u t i l i z a t i o n  o f  t h i s  type pro tec t ive  s u i t  i n  i ts 
la tes t  space vers ions,  considerably impedes the  mobili ty,  v i s ion  
and comfort o f  t h e  ast ronaut  i n  i t s  Pressurized condition. Current 
estimates of t h e  expected operating pressure,  range between 3.4 and 
5 p s i a  with some advanced NASA i n t e r e s t  tending toward even higher,  
less  mobile quasi-r igid s u i t s  f o r  use a t  10 ps ia .  

The chosen operat ing pressure i s  a compromise between considerat ions 
of  human comfort, s a f e t y  due t o  hypoxia and increased weight pena l t i e s  
due t o  containment considerations.  I n  order  t o  demonstrate t h e  
f e a s i b i l i t y  of t h e  t h r u  experiment modes i n  Phase I, a representa t ive  
ingress/egress task performance analysis f o r  normal mode operat ion 
was performed and appears i n  Table I. The bas ic  ingress/egress 
maneuver was performed i n  an analogic manner i n  each of t he  t h r e e  
experiment modes, e.g. ground/normal g rav i ty ,  water immersion/neutral 
buoyancy and,airCreft/balanced gravi ty .  A comparison time--displace- 
ment a n a l y s i s  w a s  made from motion p i c tu re  coverage of t h e  t h r e e  
modes, i n  which t o t a l  operation times and ind iv idua l  tasks times were 
measured. Experiments were run i n  t h e  ground/normal g rav i ty  mode 
wherein time-displacement was measured with s u i t  type,  pressure,  
sub jec t  and maneuver d i r e c t i o n  as the  parameters. 
scope of  Phase I, a reduced s e t  of experiments i n  t h e  remaining two 
modes was performed. 
pre-se lec ted  f ixed  pressure l e v e l  by a s i n g l e  subject .  

While these  

During the 

A normal a i r lock  configuration comprises two hatch elements 

Due t o  the  intended 

These remaining experiments were performed at  a 

2 



APPARATUS 

Airlock 

For t h e  f e a s i b i l i t y  demonstration phase, it was decided t o  use t h e  
ex i s t ing  LRC--Mod. I1 mockup a i r lock  which w a s  supplied t o  ERA. 
a i r lock  mockup, Figure 1, comprises a nominal 48 inch diameter, 72 
inch long, c y l i n d r i c a l  passageway closed by t w o  48 inch diameter 
c i r c u l a r  ends which serve as t h e  hatch frames. Three hatches allow 
ent ry  i n t o  t h e  passageway, one a t  e i t h e r  end, a 36 inch c i r c u l a r  and 
a 28 inch by 42 inch oblong, and a 32 inch c i r c u l a r  hatch en ter ing  
from t h e  side, unsymmetrically displaced. The hatches a r e  represent- 
a t i v e  of those cur ren t ly  employed i n  t h e  a i r lock  s e a l  t e s t s  a t  LRC 
and a r e  of t h e  side-hinges, conventional O-ring type. The hatches, 
Figure 2, are of t h e  manual type with the  seal engagement afforded 
by a c e n t r a l  ro t a ry  actuated multiple-cam arrangement. 
maximum fo rce  requirement f o r  ac tua t ion  i s  40 foot-pounds torque, 
which i s  provided d i r e c t l y  by t h e  astronaut  o r  t e s t  subject  through 
a 24. inch diameter double b a r  handle, t h e  handles being approximately 
1 inch diameter. The mult iple  l a t c h  ha r  configuration was modified 
s l i g h t l y  t o  accommodate f ab r i ca t ion  and i s  shown i n  Figure 3 .  
separa te  s t r u c t u r a l  bases were provided t o  support t h e  a i r lock  during 
t h e  experiments, a f ixed  s t ruc tu re  supplied by LRC and a mobile 
s t r u c t u r e  f ab r i ca t ed  by ERA personnel. Modification t o  t h e  handzes - . .  
and hinges w a s  accomplished t o  compensate f o r  o r i g i n a l  equipment 
degradation as a r e s u l t  o f  water immersion t e s t s .  
provided i n  t h e  a i r lock  ends t o  permit h n t i o n i n g  of t h e  communications 
elements during t h e  experiments. 

Additional supports were provided by LRC t o  permit s a f e  stowage of t h e  
a i r l o c k  i n  t h e  C - 1 3 l B  a i r c r a f t  for  t h e  experiments i n  t h e  a i r c r a f t /  
balanced g rav i ty  mode. 

Pressure S u i t s  

The cur ren t  Navy, Mark I V ,  FPS MOD 0 was chosen i n  order  t o  approxi- 
mate t h e  experimental extravehicular  f u l l  pressure s u i t  configurat ions 
f o r  t h e  following reasons: 

The 

The an t i c ipa t ed  

Two 
- 

- 
Access po r t s  were 

The mobil i ty  decrement afforded by t h e  Mark I V ,  FPS i s  reported 
t o  c lose ly  approximate t h e  mobility decrements afforded by such 
advanced s u i t s  as Gemini, k p o l l o  and t h e  planned ORL s u i t s  (1). 

The Mercury s u i t s  as used i n  t h e  o r b i t a l  f l i g h t  phase were 
modified Mark I V ,  FPS s u i t s .  

The Mark I V  s u i t s  are current ly  used as design t a r g e t s  by s u i t  
manufacturers. 

The cos t  and a v a i l a b i l i t y  of t h e  Mark I V ,  FPS i s  commensurate with 
t h e  program budget and time schedules. 

Lockheed Ai rc ra f t  Study Program f o r  NASA-MSC relative t o  
LORL Concept 3 



The Mark I V  f u l l  pressure s u i t ,  cons is t s  o f  a two-layer garment com- 
p r i s ing  a hermetic i nne r  rubber layer  and an o u t e r  nylon r e s t r a i n t  
garment. Entrance t o  t h e  s u i t  body i s  afforded through t h e  shoulder 
t o  th igh  circumferent ia l  double-sealed zipper. 
serts and l ac ings  are provided f o r  lengthening o r  shortening t h e  
arms, legs, t o r s o  length and circumference, and t h e  neck circumference. 
The s u i t  terminates  a t  t h e  neck i n  an open seal-bearing-locking ring 
which mates with t h e  helmet component. The neck r i n g  f u r t h e r  se rves  
as a pivot f o r  t h e  helmet. High capacity,  ad jus tab le  r e s t r a i n t s  
are f u r t h e r  provided f o r  r e s t r a in ing  the  neck ring i n  a tens ion  mode 
t o  r e s t r a i n i n g  t h e  shoulder elements. Two quick disconnect p o r t s  are 
provided on t h e  subject  l e f t  s ide  f o r  vent a i r  and 'G' s u i t  a t tach-  
ments. An add i t iona l  por t  is provided on the  r i g h t  side which a c t s  
as an exhaust por t  and sensing l i n e .  The rubber f e e t  of t h e  s u i t  are 
i n t e g r a l  with t h e  s u i t  and a r e  incapsulated by thermos b o t t l e  type 
boots which serve an in su la t ing  and r e s t r a i n t  funct ion.  
t ubu la r  vent system i s  supplied with t h e  s u i t  which a c t s  t o  cool 
t h e  s u i t e d  subject .  A breathing regula tor ,  communications unit, head 
r e s t r a i n t ,  visor and breathing gas pressure con t ro l  elements i s  i n -  
corporated i n t o  t h e  high s t rength  p l a s t i c  helmet component. The 
helmet is sealed t o  t h e  s u i t  v i a  a bayonet-lock-bearing neck ring. 
Compressed a i r ,  oxygen, o r  mixed breathing gases e n t e r  through the 
helmet r egu la to r  por t  on t h e  head side o f  the i n t e g r a l  f ace  s e a l  
upon subject  demand. 
t h e  r egu la to r  due t o  subject  demand by approximately 0.07 p s i  causes 
pressure assisted i n j e c t i o n  of breathing gas  t o  t h e  port ion 
surrounding the  subject  f a c i a l  area from t h e  50-90 p s i  s ide  of t h e  
second s t age  regula tor .  Exhalation of gas by t h e  subject  causes a 
r e s u l t a n t  pressure increase i n  the  inne r  f ace  s e a l  a rea ,  c losing t h e  
check valve on t h e  helmet regulator  and causing gas t o  be expelled 
i n t o  t h e  s u i t  area through t h e  one way valve loca ted  i n  t h e  face 
seal .  
by the  c o n t r o l l e r  and o r  r e l i e f  valve depending on t h e  set  pressure 
l e v e l .  The r e l i e f  va < ve i s  a f ixed l e v e l ,  3.4 ps ig ,  spring-loaded 
u n i t  loca ted  on t h e  lower l e f t  leg  por t ion  of t he  s u i t .  

Two similar vers ions of  the  Mark I V  s u i t ,  Figure 4, 5, were provided: 
The Arrowhead and t h e  Goodrich versions. Considerable d i f fe rence  i n  
mobi l i ty  and motion mode was encountered between these  s u i t s .  

Appropriate t a b  in-  

An i n t e r n a l  

Lowering the  pressure on the  helmet s i d e  of  

This f u r t h e r  a c t s  t o  pressurize  t h e  s u i t  t o  t h e  l e v e l  d i c t a t e d  

S u i t  Modifications 

The s u i t s  as provided by t h e  Navy were designed t o  operate i n  con- 
junc t ion  with current  USN high performance a i r c r a f t .  They are de- 
signed f o r  maximum ease of operation i n  a seated pos i t ion  and operate  
mainly i n  an unpressurized conditions u n t i l  t h e  event of emergency 
such as loss of cockpit  pressurizat ion.  The s u i t s  a r e  designed f o r  
normal opera t ion  with a two gas system, i .e.  vent a i r  supplied from 
the  je t -engine in t ake  compressors o r  t h e  a i r c r a f t  ba i lou t  oxygjjn sys- 
t e m .  
vent a i r  exhaust by means of  the s u i t  con t ro l l e r .  

S u i t  p ressur iza t ion  i s  maintained by allowing o r  r e s t r i c t i n g  
Unpressurized 
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operation e n t a i l s  a s l i g h t  s u i t  p ressur iza t ion  t h r u  the  vent a i r  
system. 

Figure 6 dep ic t s  schematically the modified breathing gas pressuriza-  
t i o n  system provided by ERA i n  conjunction with LRC. Figure 7, shows 
t h e  t e s t  subject  wearing t h e  f i n a l  self-contained breathing and 
pressur iza t ion  system. 
from t h e  Mark I V  p ressur iza t ion  un i t  i s  t h e  second stage helmet 
regula tor .  High pressure breathing gas  storage,  compressed a i r ,  
i s  provided by t h e  modified SCUBA tank and backpack element which 
comprises a 2500 ps ig  s torage combined with a first s tage  50-90 ps ig  
regula tor  and low-level tank capacity alarm u n i t .  The 50-90 ps ig  
supply i s  fed i n t o  t h e  helmet regula tor  by a shor t  quick disconnect 
l i n e .  After  v i s o r  r e l ease ,  t he  v i so r  seal  i s  pressurized causing 
face-p la te  s ea l ing  and locking. Breathing gas  i s  admitted t o  t h e  
helmet area upon subject  demand as previously described. 
a i r  is provided f o r  t he  s u i t s  i n  t h i s  mode and, t he re fo re ,  t h e  two 
a u x i l i a r y  p o r t s  a r e  closed with blind-flange disconnects.  Pressuriza- 
t i o n  takes place i n  response t o  demand and i s  control led by the relief 
valve u n i t  provided by LRC. 
component which i s  prese t  from 0-3.4 ps ig  p r i o r  t o  each experiment 
by c a l i b r a t i o n  wi th  t h e  a u x i l i a r y  gauge u n i t  shown i n  Figure 8 .  
type  pressur iza t ion  u n i t  more c losely approximates t h e  contemplated 
backpack o r  chest  pack l i fe-support  u n i t s  cur ren t ly  considered by 
NASA.  A modified 'telephone type'  communications u n i t ,  Figure 9, 
w a s  provided t o  accommodate safe performance i n  t h e  water immersion 
experiments and t o  f u r t h e r  permit simultaneous recording of  subjec t  
i n s t r u c t i o n s  and comments during t h e  experiments. 
hardwire type necess i t a t ing  a i r lock  modifications as previously 
descr ibed.  

I n  t h i s  system t h e  only component re ta ined  

No cooling 

This  r e l i e f  valve i s  a spr ing loaded 

This  

This u n i t  w a s  a 

During t h e  course of  t he  experiments, it was observed t h a t  t h e  per-  
formance of t h e  subject  i n  a l l  modes was g r e a t l y  discommoded by the  
f l i g h t  type boots o r i g i n a l l y  supplied w i t h  t h e  s u i t s .  This was ad- 
judged t o  be caused by two fac to r s :  

-The shoes were extremely r i g i d ,  preventing adequate t a c t i l e  

-The s o l e s  and h e e l s  as provided d i d  not provide adequate 

sensa t ion  and pedal ro t a t ion .  

f r i c t i o n a l  c h a r a c t e r i s t i c s  f o r  t h e  required motion. 

Conventional f l e x i b l e  a t h l e t i c  foot-wear, Figure 10, was subs t i t u t ed  
i n  l a t e r  t e s t s  and proved highly successful  both from a subjec t ive  
viewpoint and i n  t h a t  maneuvers were permitted a t  maximum pressures  
which were previously unsuccessful when f l i gh t - type  footgear  were used. 
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Photographic Equipment 

The bulk of  t h e  comparison analysis  was performed by t i m e  displace-  
ment-motion ana lys i s  u t i l i z i n g  motion p i c tu re  records of t h e  individ-  
u a l  tests comprising t h e  experiments. A l l  motion p i c t u r e  coverage 
was performed with 16 mm. camera equipment, e i t h e r  by LRC, ERA o r  
USAF personnel. During t h e  course of  t h e  experiments, an optimum 
camera configuration was developed capable of successful  performance 
i n  a l l  experimental modes. 
16 mm. model, Figure 11, equipped wi th  b a t t e r y  operated motor dr ive.  
This camera was provided with two lenses ,  a normal view angle 25 
mm. Wollensak f p . 9  Cine, Raptar, and a 399 f P . 8  Wollensak Cine 
Telephoto l e n s ,  and was f u r t h e r  provided with a waterproof sealed 
p l a s t i c  case and t r ipod  assembly f o r  use i n  t h e  water immersion tes t  
mode. I n i t i a l  photographic coverage f o r  t h e  underwater t e s t s  was 
provided by a water-t ight surface box from LRC, but t h i s  arrangement 
was discontinued due t o  t h e  inadequacy o f  coverage afforded by t h e  
necessary viewing angle. 

The camera employed was a Bolex-Paill iard 

Time-motion ana lys i s  was performed by v i sua l  observation with a Craig- 
Kalart 16 m. f i l m  e d i t o r  modified by t h e  inc lus ion  o f  a frame 
counter, Figure 1 2 .  
depending on t h e  camera employed. 
phase w i l l  be taken a t  t h e  16 f p s  s e t t i n g  t o  accommodate t h e  under- 
water Bolex u n i t  performance and t o  provide cont inui ty .  

Camera coverage i n  t h e  9Zero-Gravity9 a i r c r a f t  by t h e  USAF proved 
inadequate due t o  l i g h t i n g  requirements and f a u l t y  equipment. Sub- 
sequent camera coverage i n  t h e  a i r c r a f t  w i l l  be provided by ERA 
personnel using TRI-X r eve r sa l  film and t h e  Bolex-Paill iard camera. 

The 16 mm. f i l m s  were taken a t  24 and/or 16 f p s  
Subsequent films i n  t h e  second 
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AUXILIARY EQUIPMENT FOR THE VARIOUS MODES 

Ground/Normal Gravitx 

I n i t i a l  t e s t s  on t h e  ground/hormal g rav i ty  mode evidenced an extreme 
hardship i n  t he  en t ry  and exi t  tasks, p a r t i c u l a r l y  a t  t h e  higher 
pressures  as a r e s u l t  of the height of t h e  door-step. 
t e s t s  provided no step-up, t h e  door - s i l l  dimension w a s  approximately 
1 2  inches from t h e  f l o o r  l e v e l .  
l e v e l  with t h e  a i r lock  i n t e r i o r  was provided by ERA i n  l a te r  experi-  
ments t o  eliminate t h i s  hardship from t h e  ground/hormal g rav i ty  
experiments s ince  t h i s  problem had no balanced g rav i ty  analogy. 

The i n i t i a l  

An elevated platform, Figure 13, 

Aircraft Zero-GravityDalanced Gravity 

The modifications f o r  t h e  a i r c r a f t p a l a n c e d  g rav i ty  mode comprised 
two s t r u c t u r a l  changes t o  t h e  f ixed support base of t h e  a i r lock  and 
were performed by LRC personnel i n  response t o  requests  from WADC-- 
USAF. These changes comprised the  inc lus ion  of a 1/8 inch plywood 
sheet t o  f a c i l i t a t e  t i e  down i n  the  a i r c r a f t .  Additional modifica- 
t i o n s  were made by WADC a i r c r a f t  maintenance personnel p r i o r  t o  t h e  
a i r c r a f t  tes ts  and comprised t h e  addi t ion of s tee l  angle t i e  down 
s t r a p s  on t h e  car r iage  bottom cover p l a t e .  

Water Immersion/Neutral Buoyancy 

THce major equipment modification required by t h e  water immersion ex- 
periment mode related t o  t h e  f u l l  pressure s u i t  worn by the  subjec t .  
The a i r l o c k  modifications comprised two straight-forward elements; 
t h e  fixed s t r u c t u r a l  support element w a s  replaced by a wheeled 
ca r r i age  t o  f a c i l i t a t e  placement i n  t h e  pool. The wheels were of 
t h e  locking cas te r ing  type. 
t o  s t a b i l i z e  t h e  a i r lock  underwater and were placed on t h e  ledges 
provided on t h e  carr iage.  

Additional modification t o  t h e  f u l l  pressure s u i t  was requrred t o  
provide the  n e u t r a l  buoyancy conditions necessary f o r  the ex te rna l  
balanced g rav i ty  condition, 
appropr ia te  number of lead weight elements, both i n t e r i o r  and ex- 
t e r i o r  t o  t he  s u i t  placed so as t o  provide n e u t r a l  buoyancy and 
s t a b i l i t y ,  Figure 14. 

Lead weights were add i t iona l ly  required 

The subject  was provided with an 
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EXPERIMENT DESIGN 

General Considerations and Test Sub.ject Requirements 

The general  s t r u c t u r e  of t h e  f e a s i b i l i t y  t e s t s  comprised t h e  para- 
metric comparison o f  the  time-displacement performance of pressure 
su i t ed  ingress/egress v i a  t h e  th ree  experimental modes. 
and/or t a sk  time as the  dependent var iab le  and pressure as t h e  
independent var iab le ,  performance was compared wi th  experiment mode 
and maneuver d i r e c t i o n  as t h e  parameters. Later experiments were 
performed with s u i t  type and subject  as the  parameter. 
study and subjec t ive  performance analyses were performed t o  determine 
whether t h e  t e s t s  could be successfully accomplished i n  the  three 
modes and f u r t h e r  a sce r t a in  the  f e a s i b i l i t y  of i n t e r c o r r e l a t i o n  and 
ex t rapola t ion  t o  ac tua l  o r b i t a l  conditions.  

U s i n g  t o t a l  

Motion- 

The experiments comprised t h e  performance, i n  an ordered fashion,  of 
t h e  ingress/egress t a s k s  depicted i n  Table 11. 
t h e  tasks  presented i n  Table  I1 form a s i m p l i f i e d ,  reduced set of 
t a s k s  depicted previously i n  T a b l e  I. Experiments were performed 
using def la ted-pressure su i ted  performance as control .  Runs com- 
p r i s i n g  unsuited performance were a l s o  included i n  t h e  ground/hormal 
g rav i ty  mode t o  allow v i sua l  comparison of  t h e  s u i t  mobili ty decre- 
ment. Subsequent experiments were performed with subjec t ,  maneuver 
d i r e c t i o n  sui t - type and s u i t  pressure a s  var iables .  ReElicat& 
data runs were accomplished f o r  the ground mode only,  s ince  t h e  
scope and funding of  Phase I was r e s t r i c t e d  t o  f e a s i b i l i t y  demon- 
s t r a t i o n .  A s impl i f ied ,  reduced experiment set  was performed f o r  
t h e  a i r c r a f t  and water immersion mode. 

It i s  obvious t h a t  

Experiment performance i n  t h e  several  modes is analogical ly  similar 
except t h a t  t h e  a i r c r a f t  mode requires  breaking t h e  maneuver down 
i n t o  10 second i n t e r v a l s  t o  accommodate t h e  maximum cZero-gravityr 
performance of t h e  C - l j l B  Aircraft. Table I11 lists t h e  average 
'Zero-gravity* of  current  operat ional  a i r c r a f t .  Involvement of  t h e  
more sophis t ica ted  KC-135 was not considered necessary s ince  t h e  
add i t iona l  small time increment d id  not appear t o  o f f e r  su f f i c i en t  
advantage. Scheduling of t h e  USAF, C - l j l B  a t  WADC i s  considerably 
s impler  than f o r  t h e  KC-135. 

Two subjectewere used i n  Phase I experiments, Messers G. Samuel 
Mattingly and W i l l i a m  Franz of ERA. 
by Mr. Mattingly while Mr. Franz was used as a back-up f o r  ground 
experiments due t o  h i s  t i m e  of en t ry  i n  t h e  program. M r .  Franz 
h a s  subsequently been checked and balanced out  f o r  Phase I1 experi-  
ments i n  t h e  water immersion mode. 
is given i n  Figures 15-16. 

Complete runs were accomplished 

The subjec ts  anthropometric data 
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Sub.ject Physical and Indoctr inat ion Requirements 

A l l  sub jec ts  se lec ted  f o r  experiment pa r t i c ipa t ion  are required t o  
have as a minimum, t h e  following physical and indoct r ina t iona l  
va l ida t ion :  

- 
- 

A current  f l i g h t  physical  (FAA Class I11 o r  higher  

Successful completion o f  t h e  F u l l  Pressure S u i t  
Indoctr inat ion Course a t  NAS, Norfolk Virginia o r  
equivalent.  

- 
- 

Mil i ta ry  High-Performance Aircraf t  Survival Training 

High Alt i tude Indoctr inat ion including Explosive 
Decompression. 

- I n g r e s s p g r e s s  Experiment Indoctr inat ion 

Additonally, a l l  subjec ts  are required t o  have a current  normal 
electro-cardiograph t r a c i n g  and t o  be above average swimmers. 
sample o f  the requirement va l ida t ion  c e r t i f i c a t e s  is  given i n  Figure 
1 5  f o r  M r .  Mattingly. 

A 
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EXPERIMENT PERFORMANCE AND RESULTS 

Figure 17, summarizes t h e  r e s u l t s  of t h e  Phase I experiments and 
e n t a i l s  for ty- three  runs performed i n  t h e  t h r e e  experimental modes. 
The majori ty  o f  tests were performed using t h e  ground/hormal mode 
due t o  scope and c o s t s  of  t h e  a l t e r n a t e  modes and i n  order t o  sub- 
s t a n t i a t e  t h e  ground/normal mode as  t h e  control .  
f o r  t h e  s u i t s ,  d i r e c t i o n  pressures and subjec ts  were ascer ta ined and 
are shown i n  Figures 18-21. 
a i r c r a f t  mode were performed and a re  presented i n  Figures 22-23. 
t h r e e  modes are depicted photographically i n  Figures 30-32 and are 
shown i n  de t a i l  i n  t h e  f i l m  supplement. 

Mobility decrements 

The 
Comparisons of  t h e  water immersion and 

Groundfiormal Gravity 

The modified a i r lock  ingress/egress t a sk  ana lys i s ,  Table 11, was used 
i n  t h e  ground/normal g rav i ty  experiments i n  order  t o  develop t h e  
ground r u l e s  f o r  t h e  t o t a l  experiments and t o  acquire  r ep l i ca t ed  
subject-parameter data. The subject was required t o  perform the 
spec i f i ed  t a s k s  i n  real-t ime both unsuited and s u i t e d  with pressures  
of 0, 1, 2, and 3 psig.  The pressures were maintained by setting 
t h e  relief valve,  Figure 6, at  the  proper l e v e l ,  then depressurizing 
and replacing t h e  pressure ca l ib ra t ion  u n i t  with a b l ind  f lange  
assembly t o  prevent equipment in te r fe rence  during t h e  maneuver. 

P r i o r  t o  experiment s t a r t u p  a br i e f ing  was conducted t o  assure  
cont inui ty  of performance. The communication l i n e s  were first laid 
out  t h r u  t h e  a i r lock  so t h a t  the subject  was always carrying t h e  l i n e s  
c l e a r  of t h e  a i r lock  while moving i n  a forward d i r ec t ion .  
camera coverage was maintained i n  a plane normal t o  t h e  d i r e c t i o n  
of t r a v e l  and t h e  subjec t  t a sk  performance t imes were taken with a 
stop-watch and then check by f i lm  ana lys is .  

Two sub jec t s  were used i n  t h e  ground t e s t s ,  Figure 15 ,  16 and evid- 
enced d i f f e r e n t  performance c h a r a c t e r i s t i c s  with regards t o  s u i t  
and mode of performance. In  t h e  i n i t i a l  s e r i e s  of runs a t  ERA, 
subjec t  1 w a s  required t o  perform normal ingress/egress but no p l a t -  
form w a s  provided t o  a id  i n  t h e  entry phase. 
run-throughs a t  NASA-LRC had employed an i n i t i a l  step-up l e v e l  with 
t h e  a i r l o c k  i n t e r i o r  f l oo r .  I n  t h i s  s e r i e s  of runs,  successful  
egress was prohibi ted a t  t h e  2 and 3 psig l e v e l s  due t o  mobili ty 
decrement of t h e  s u i t .  The subject could not exerc ise  t h e  proper 
balance cont ro l  and f u r t h e r  could not bend h i s  l e g s  s u f f i c i e n t l y  
t o  c l e a r  the  e x i t .  
e x t e r n a l  platforms, l e v e l  w i t h  t he  a i r lock  i n t e r i o r  f l o o r s .  A l l  
f u r t h e r  runs including both subjec ts  were successful .  

A f u r t h e r  modification was made t o  t h e  experiment format during t h i s  
first series, i n  t h a t ,  t h e  standard m i l i t a r y  f l y i n g  boots, were re- 
placed by f l e x i b l e  a t h l e t i c  shoes, Figure 10. This modification was 
requi red  t o  provide t h e  test  subject with proper pedal--friction-- 
output  and mobility. 

Continuous 

Previous preliminary 

- Subsequent runs were performed with add i t iona l  

Subsequent subject  performance with t h i s  
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modification yielded a noticeable decrease i n  performance times, in -  
creased mobili ty and s ign i f i can t ly  decreased the  e f f o r t  required f o r  
t a s k  performance. 

I n  a l l ,  there were t h i r t y - s i x  complete ing res s  egress  maneuvers per- 

experiment r e s u l t s  are tabulated i n  Figure 17 and are shown i n  
Figures 18 t h r u  23 .  The t o t a l  maneuver required the  unaided ingress  
and egress of t h e  subject  i n  a task format, Table I1 which comprised 
a s implif ied version of an ac tua l  t a sk  performance format, Table I. 
The g rea t e s t  performance d i f f i c u l t y  was noted i n  t h e  turnaround 
pos i t ion  of t h e  maneuver. These were required i n  order  t o  c lose  and 
l a t c h  t h e  hatch (1) and t o  open and l a t c h  hatch (2). This d i f f i c u l t y  
r e su l t ed  i n  t h e  l a r g e  t a sk  performance times noted i n  Figures 18, 
and 19. 
r e l a t i v e  ease i n  t h e  ground mode. T h i s  d id  not prove t h e  case i n  t h e  
water immersion and a i r c r a f t  experiment modes, as w i l l  be discussed 
la ter .  This r e l a t i v e  ease of operation was caused by t h e  subjec ts  
a b i l i t y  t o  provide and apply torque and t h r u s t  t o  t h e  handles by 
v i r t u e  of t h e  e f fec t  of grav i ty  and at+,endant ex terna l  f r i c t i o n .  When 
t h i s  normal g rav i ty  associated weight i s  absent ,  considerably greater 
d i f f i c u l t y  is experienced both due t o  force  output decrement and due 
t o  subject  decision--feedback e f f ec t s  required t o  a s c e r t a i n  t h e  proper 
force appl ica t ion  mode and posi t ions.  

formed with t h e  ground/normal experiment mode ( y ERA personnel. The 

Closing and la tch ing  of t h e  hatches was performed with 

The sub jec t s  were usual ly  required t o  perform a s u b s t a n t i a l  number of 
complete runs during any-one-experiment set. 
was provided f o r  the s u i t  a t  any time. The subjec ts  noted greater 
f a t igue  and discomfort while performing t h e  ground/normal mode 
experiments. 
expenditures are g r e a t e r  i n  t h i s  mode than i n  t h e  o t h e r  modes. 

I n  general ,  performance i n  t h e  ground/normal mode proved t o  be 
analogus t o  performance i n  the  o the r  modes except i n  t h e  hatch closi 
and l a t ch ing  t a s k .  
normal mode are planned t o  compensate t h i s  e f f ec t .  

No ex terna l  cooling 

This e f f e c t  was an t ic ipa ted  s ince  the  work-effort 

Modifications t o  t h e  equipment f o r  t h e  ground/ 
1 e 

Aircraf t f la lanced Gravity 

The modified t a s k  format w a s  s imi l a r ly  performed i n  the  C - 1 3 l B  a i r -  
c r a f t  during balanced g rav i ty  f l i g h t .  This balanced g rav i ty  f l i g h t  
was a t t a i n e d  by f l y i n g  a 'Keplerian? t r a j e c t o r y  wherein t h e  air-  
c r a f t  performed t h e  following f l i g h t  plan.  The maneuver Figure 28, 
began a t  an a l t i t u d e  between 10 and 17 thousand fee t ,  and was 
i n i t i a t e d  by a 10 degree dive during which climb power on both engines 
was maintained. A s  t h e  a i r c r a f t  speed was approached 240 KIAS t h e  
dive w a s  terminated by a two t o  two-and one h a l f  g r a v i t i e s  pul lout  
a t  a p i t c h  angle of 42 degress (+).  
passes  t h e  horizon t h e  co-pilot  maintains zero longi tudina l  
acce le ra t ion  by ad jus t ing  power. 
t h e  a t t i t u d e  so t h a t  t h e  Zero-gravity l e v e l  i s  maintained i n  t h e  
experiment s ec t ion  u n t i l  a 30" ( - )  p i t ch  a t t i t u d e  i s  reached. A t  

After the  nose o f  t h e  a i r c r a f t  

During t h i s  phase t h e  p i l o t  cont ro ls  
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t h i s  t i m e ,  a smoothly powered pullout i s  performed. A warning i s  
given by the  p i l o t ,  p r i o r  t o  a l l  parabolas and a second warning i s  
given 10 seconds p r i o r  t o  en t ry  t o  t h e  two and one ha l f  g r a v i t i e s  
phase. A f i v e  second warning i s  f u r t h e r  t ransmit ted p r i o r  t o  
parabola cessat ion.  The t o t a l  useful t i m e  a t  tZero-gravity' i n  t h e  
C - l j l B  i s  approximately 8-10 seconds, necess i t a t ing  ca re fu l  planning 
of t he  experiment by t a s k s  so t h a t  adequate information i s  obtained 
while maintaining proper s a fe ty  procedures. The modified t a sk  per- 
formance schedule and time estimates f o r  t h e  a i rc raf t /ba lanced  
g r a v i t y  mode i s  shown i n  Table I V .  

The Phase 1, a i r c r a f t  experiments were performed by a s ing le  subjec t  
during fourteen (14) parabolas accomplished i n  two separate  f l i g h t s .  
Camera coverage i n  t h i s  phase was supplied by USAF/ASD personnel 
and comprised a view from a fixed motion p i c tu re  camera a t  approxi- 
mately 45" t o  t he  normal d i rec t ion  of  t r a v e l  and an a l t e r n a t e  view 
from a hand-held camera along the  d i r e c t i o n  of t r a v e l .  Subsequent 
camera coverage, i n  Phase 11, w i l l  be obtained by ERA personnel and 
w i l l  comprise simultaneous, normal and p a r a l l e l  coverage, w i th  one 
fixed and one manually operated camera. 

Observation and ana lys i s  of the  ingress/egress t a s k  performance i n  
t h e  tZero-gravity9 a i r c r a f t  showed t h a t  t h e  performance aspec ts  of 
t he  t a s k  are analogus t o  ground and water immersion tests.  Two 
a t tendant  c h a r a c t e r i s t i c s ,  however, complicate t h e  ana lys i s  and 
cor re la t ion .  Both of  these  c h a r a c t e r i s t i c s  are due t o  performance 
l i m i t a t i o n s  imposed by conventional a i r c r a f t  employed i n  t h i s  manner. 
The primary deviance i s  a r e s u l t  of the  l imited 9Zero-gravityo time 
ava i l ab le  r e l a t i v e  t o  t h e  ac tua l  t o t a l  mission performance t i m e ,  on 
t h e  o rde r  of  5-10%. 
t h e  C-131B but a l so  i n  t h e  KC-135 which exhibi ts  approximately a 
50-100% t i m e  increment increase over t h e  C-131B. 
probably more ser ious  problem i s  caused by the  f l i g h t  p r o f i l e  require- 
ment o f  superposit ion of an i n i t i a l  two and one h a l f  g rav i ty  maneuver 
acce le ra t ion  necessary to attain cor rec t  f l i g h t  speed. This  causes 
considerable mental and physical stress on t h e  subject  during each 
t e s t  run. Further ,  Soviet  experiments on t h e  postual  response of 
r a t s  and mice due t o  two and one half t o  00-g' s t e p  exc i t a t ion  con- 
cluded t h a t  t r u e  tZero-gravity' performance i s  not a t t a ined  f o r  a t  a 
minimum of 40 sec.  a f t e r  t h e  exc i ta t ion  ( 2 ) .  These effects  tended 
t o  make t h e  subject  perform t h e  ingress/egress t a sk  a t  a fas ter  rate 
than i n  t h e  o the r  modes, and indeed, t h e  subject  commented t h a t  t h e  
speed of performance of t h e  individual  subtasks was related t o  t h e  
t i m e  required t o  prepare f o r  the onset o f  t he  two and one h a l f  
g r a v i t y  pul lout  phase . 

This t i m e  decrement i s  evidenced not only i n  

A second, and 

The most -s igni f icant  r e s u l t s  obtained from t h e  a i r c r a f t  t e s t s  were i n  
t h e  area of t h e  hatch operation, turnaround and f i n a l  egress.  The 

(2) Postura l  Response Effec ts  of a 'Zero-Gravity Transition-NASA 
Technical Translat ion 12 



o v e r a l l  performance of the subtasks appeared t o  be physical ly  less 
strenuous a l b i e t  t h e  two and one h a l f  g rav i ty  t o  (Zero-gravity( 
pullouts-proved extremely t i r i n g  t o  t h e  subject .  Some coa8ideration 
t o  modifying t h e  f l i g h t  p r o f i l e  t o  a one g rav i ty  t b  (Zero-gravity’’ 
pu l lout  phase w i l l  be given and possibly t e s t ed .du r ing  Phase 11. 

Water Immersion/Neutral Buoyancy 

The g r e a t e s t  experimental l a t i t u d e  was provided by t h e  water immersion 
mode. I n  t h i s  mode the  subject  was required t o  perform t h e  ingress/  
egress  maneuver i n  t h e  standard manner while f u l l y  immersed i n  water. 
The tes t s  comprised performance of t h e  maneuver through t h e  a i r lock  
which w a s  also immersed t o  a depth of eleven f e e t  i n  t h e  ERA pool 
f a c i l i t y  located on McDonogh Road i n  Randallstown, Maryland. The 
pool was provided with an adequate f i l t e r i n g  system t o  maintain 
v i s u a l  c l a r i t y .  

Balanced ex terna l  g rav i ty  was obtained by proper weighting of t h e  
suited/pressurized subjec t ,  such t h a t  a zero-net buoyant fo rce  w a s  
a t t a ined .  By proper weight placement, Figure 14, r e l a t i v e  t o  t h e  
sub jec t s  body and body segment mass centers ,  balanced g rav i ty  stab- 
i l i z a t i o n  i n  r o l l ,  p i t ch  and yaw a s  wel l  as balance with respect  t o  
t h e  t o t a l  body could be maintained. 
added as wel l  as t h e i r  d i s t r i b u t i o n  had t o  be adjusted f o r  each 
pressure setting. Controlled environment was maintained by the  
modified SCUBA equipment provided, Figure 7 . 
The t e s t  procedure comprised an i n i t i a l  checkout and weight placement 
phase followed by a t a sk  performance phase. 
weight placement was f u r t h e r  required f o r  change i n  subject  and/or 
s u i t .  Considerable d i f f i c u l t y  was evidenced i n  Phase 1 due t o  
equipment f a i l u r e  as a r e s u l t  of  a i r lock  and pressure s u i t  degradation 
r e s u l t i n g  from continuous water immersion. 

The t o t a l  quant i ty  of  weights 

Adjustments t o  t h e  

Observation, ana lys i s  and subject  comment re levant  t o  water immersion 
mode; admitted a s t rong cor re la t ion  between t h i s  mode and t h e  air-  
c r a f t  mode, p a r t i c u l a r l y  as regards t h e  tasks  requir ing t h e  applica- 
t i o n  of  fo rce  such as la tch ing  and motion. 
ingress/egress t a s k  i n  t h e  water immersion mode appears t o  more 
c lose ly  approximate t h e  a c t u a l  real-time s i t u a t i o n  than any o the r  mode. 

The most ser ious  drawback of t h e  water immersion mode deals with drag 
a s soc ia t ed  phenomena. This de le te r ious  e f f e c t  i s  highly mitigated 
as a r e s u l t  of t h e  a c t u a l  motion v e l o c i t i e s  experienced and due t o  
t h e  s p a t i a l  cons t r a in t s  of t h e  a i r lock .  
analyzed i n  more d e t a i l  i n  Phase 11. 

Observations,  y i e l d  a close co r re l a t ion  between the a i r c r a f t  and water 
immersion modes of t h e  counter-rotations evidenced as a r e s u l t  of 
to rque  app l i ca t ion  i n  t h e  la tch ing  t a s k  and t o  t h e  *soaring(  phenomena 
evidenced during t h e  egress  t a sk .  

Performance of t h e  

This e f f e c t  is  being 

. 
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DISCUSSION OF EXPERIMENT RESULTS AND CONCLUSIONS 

Ingress/egress through a i r locks  and passageways as cur ren t ly  conceived 
f o r  ?Zero-gravity space s t a t i o n  missions involve r e l a t i v e l y  low speed, 
short-duration space--limited r e s t r i c t e d  space f r ee - f loa t ing  
maneuvers by suited-pressurized astronauts .  
a r e  those comprised of t r a n s f e r  through hatches and passageways, 
communication, inspect ion and t h e  operation o f  various a i r l o c k  
equipment such as hatches and locking devices,  depressurizing hard- 
ware as w e l l  as l i g h t i n g ,  communication and various environmental 
sensors. Further ,  l a te r ,  more sophis t ica ted  missions w i l l  r equi re  
the a i r l o c k  and passageway t o  serve as s taging areas  f o r  manned 
extravehicular  explorat ion and f o r  crew and resupply and mater ie l  
t r a n s f e r .  The NAS1-4059 Phase I f e a s i b i l i t y  demonstration has  been 
successfu l  i n  examining c e r t a i n  of t hese  a reas  and has r e su l t ed  i n  
t h e  d e f i n i t i o n  of some of t h e  basic problem areas .  

The employment of t h e  t h r e e  modes of experiment permits v a l i d  simu- 
l a t i o n  and data accumulation f o r  phenomena associated with ingress/ 
egress ,  a i r l o c k s  and passageways. Observation and ana lys i s  has  
shown tha t  t h e  water immersion mode y i e l d s  t h e  most u se fu l  data 
r e l a t i v e  t o  t h e  engineering aspects  under study i n  t h i s  cont rac t .  I n  
order  t o  prove completely usefu l ,  however, r e l i ance  on t h e  o the r  two 
experiment modes i s  required i n  order  t o  extend, va l ida t e  and corre- 
l a t e  t h e  information derived f r o m  the water immersion experiments. 

The t a s k s  involved, 

The water immersion mode i s  t h e  most  u se fu l  because of the  a b i l i t y  
t o  perform t h e  simulated t a sk  i n  a real-t ime manner and f u r t h e r  
due t o  t h e  unlimited s p a t i a l  c h a r a c t e r i s t i c s  afforded. 

Experiments performed using t h e  a i rcraf t  mode are subjected t o  t h r e e  
inherent  i nva l ida t ing  conditions.  These a r e  limited space t o  perform 
t h e  mission properly,  shor t  durat ion of continuous 'Zero-gravity' 
and sub jec t  physical  and mental stress at tendant  upon the i n i t i a t i o n  
and cessa t ion  of the 'Zero-gravity? maneuver by t h e  two and one ha l f  
g r a v i t y  pul louts .  A number of experiments a r e  necessary i n  t h i s  mode 
t o  aid i n  va l ida t ion  and co r re l a t ion  s ince  t h i s  mode i s  t h e  only mode 
i n  which t r u e  balanced g rav i ty  i s  a t t a i n e d  both as a f f e c t s  ex te rna l  
and i n t e r n a l  manned performance. 

The ground/normal g r a v i t y  mode i s  use fu l  i n  es tab l i sh ing  operat ing 
procedures, estimating safe ty  c h a r a c t e r i s t i c s  of t h e  o the r  modes and 
most importantly serves  as a reproductable cont ro l  f o r  a n a l y t i c a l  
t reatment  o f  data. A d i r e c t  comparison between ground and space 
performance i s  not possible  due t o  t h e  d i f f e r e n t  character  of perform- 
ance. This was demonstrated i n  Phase I p a r t i c u l a r l y  in t h e  en t ry  
and exit  t a s k  and a l s o  i n  t h e  la tch ing  t a sk .  Extreme d i f f i c u l t y  
w a s  experienced i n  t h e  en t ry  and exit task f o r  sub jec t s  a t  g r e a t e r  
than  2 PSIG. When no step-up was provided one subject  was unable 
t o  complete t h e  normal ingress/egress to ta l - - task  a t  t h e  2 and 3 
PSIG levels. 
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Underwater and i n  t h e  a i r c r a f t  t h e  s t e p  height had no e f f e c t  on per- 
formance s ince  any subject  o r i en ta t ion  could be a t t a ined  a t  will. 

The reverse was t r u e  i n  t he  la tch ing  task.  
operat ion of t h e  ro t a ry  l a t c h  configuration by a moderate l e v e l  
torque appl ica t ion  t o  t h e  hatch handle. 
i n  t h e  ground/normal g rav i ty  mode was extremely simple requir ing 
approximately 2-5 seconds . 
was considerably more complicated. 
evidenced a counter-motion of t h e  body i n  r o l l  i n  response t o  the  
appl ied  torque ins tead  of t h e  an t ic ipa ted  operation. The subjec t  
compensated f o r  t h i s  absence of torque reac t ion  by exercis ing the  
torque i n  a one-hand fashion while r e s t r a i n i n g  h i s  motion by grasping 
t h e  l a t c h  hand hold with h i s  free hand. 
experienced when t h e  subjec t  was required t o  c lose  the  hatch. 
t he  hatch requi res  t he  appl ica t ion  o f  torque simultaneous with the  
terminat ion of a pul l ing  o r  t h rus t ing  motion necessary t o  c lose the  
hatch. 
hatch u n t i l  t h e  s top  w a s  reached with a two--hand motion on the  
handles then  release t h e  handles and apply torque i n  a one-handed 
fashion. The small inherent  spring-back, simulating t h e  e f f e c t  of an 
a c t u a l  seal was s u f f i c i e n t  t o  move the  subjec t  and t h e  door t o  a 
pos i t i on  where the l a t ches  could not e n t e r  the l a t c h  seats. This 
procedure was sometimes repeated severa l  times before a successful  
operat ion could be achieved. 

This task comprised the  

Performance o f  t h i s  task 

Aircraf t  and water immersion performance 
I n i t i a l  subject  performance 

Further .  d i f f i c u l t y  was 
Closing 

The normal tendency of t h e  subjec t  was t o  thrust  o r  p u l l  the  

The subjec t  a l s o  evidenced a tendency toward soaring when exiting 
from t h e  a i r locks  both i n  t h e  water immersion and a i r c r a f t  modes. 
This obvioxsly, could not occur i n  t h e  ground mode. 
w a s  usua l ly  mit igated by t h e  subject who used h i s  t r a i l i n g  foot  t o  
arrest h i s  motion. On seve ra l  occasions t h e  subjec t  f a i l e d  t o  
arrest himself i n  t h i s  manner and became completely divorced from 
t h e  a i r l o c k .  I n  t h i s  condition he was completely he lp l e s s  even 
though i n  r e l a t i v e  close proximity t o  t h e  a i r lock .  H i s  i n i t i a l  
t h r u s t  caused a s l i g h t  d r i f t  so t h a t  as time progressed h i s  separa- 
t i o n  d i s t ance  increased. 
assisted back t o  t he  a i r l o c k  o r  the  experiment was termimted.  The 
subjec t  commented tha t  water drag did not appear s i g n i f i c a n t  and t h i s  
was borne out by t h e  a n a l y t i c a l  treatment of h i s  drag r e l a t i v e  t o  h i s  
ve loc i ty .  Average v e l o c i t i e s  of approximately 0.5 feet  per  second 
were experienced during t h e  ingress/egress maneuver. 

I n  summary t h e  following conclusions can be drawn from the  Phase I 
experiements : 

The soaring 

When t h i s  occured the  subject  had t o  be 

d - Successful simulation of pressure-suited ingress 
egress  through a i r locks  and passageways is poss i  l e  
u t i l i z i n g  t h e  three experiment modes, e.g. water 
immersion/neutral buoyancy, a i r c r a f t p a l a n c e d  
gravity and ground/hormal g rav i ty  . 
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I .  - Drag e f f e c t s  attendant upon operat ion i n  t h e  water 
immersion mode are  neg l ig ib l e  because of low 
v e l o c i t i e s  and the  r e s t r i c t e d  s p a t i a l  requirements 
of a i r lock  ingress/egress 

Performance of subjec ts  wearing fu l l -pressure  s u i t s  
a t  pressures  g rea t e r  than 2 PSIG i s  s i g n i f i c a n t l y  
d i f f e ren t  i n  balanced g rav i ty  , 'Zero-gravity', than  
i n  normal g rav i ty  pa r t i cu la r ly  as regards manner 
of task  performance and s p a t i a l  clearance require-  
ment s. 

- 

- A for ty-e ight  inch diameter passageway approaches 
t h e  minimum s i z e  i f  pressurized unassis ted turn-  
around is required i n  the  ingress/egress maneuver. 

Future experimentation o f  t h i s  type should r e ly  most 
strongly on t h e  water immersion neu t r a l  buoyancy 

ground experiments. 

- 
mode backed up by a reduced nun L e r  of a i r c r a f t  and 

Recommendations and planning of t h e  Phase I1 program and experiments 
is de ta i l ed  i n  Appendix I. 
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FIGURE 1 SIMUtATED AIRLOCK 
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TJCURE 2 HATCH AND LA'I'CITING CONFIGURATION - AC~TU.I\I, 

E'TGURI: 3 LATCH CONl'IGURRTION - SIPAIJ1,ATED AIRLOCK 



FIGURE 4 FULL PRESSURE SUIT - ARROWHEAD 

FIGURE 5 FLJLL PRESSURE SUIT - GOODRICH 

20 



SCUBA PRES SU RE'TMIK 

1 . 5  hour supply 
2500-3000 PSIA 

Low Level A l a r m  -1 /yj 
I 

Demand Regulator 
0.07 PSI 
I--- 

--- ----_ [- 

on/off valve 
I f -' 'I) y z d r l  

FIGURE 6 MODIFIED GAS PRESSURIZATION SYSTEM 
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FIGURE 7 EXTERNAL VIEW OF MODIFIED GAS PRESSURIZATION 
SYSTEM 



FIGURE 10 SUBJECT WITH 
FLEXII{T,E 
ATHLETIC SHOES 

* I 

FIGURE 12 FILM ANALYSIS 
UNIT 

FIGURE 1 I UNDERWATER CAMERA 
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FIGURE 13 SIMULATED 
AIRLOCK 
ELEVATED ENTRY 

FIGURE 14 

FIGURE 14 NEUTRAL BUOYANCY WEIGHTS 
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S U B J E C T  ......................................... Matti~ly, G.S .  

F L I G H T  P H Y S I C A L  STATUS.. . . . . .  ................... FAA/CLASS I1 

WEIGHT ..........................................160 LBS. 

~ I G H T  .......................................... 70.5 I N .  

ANTHROPOMETRIC DATA 

I IEIGHT. . . . . .  ...........;....................... 70.5 I N .  
~ ~ I G H T  ..........................................160 LBS. 
CERVICAL HEIGHT .................................60 I N .  
SHOULDER BREADTH. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ... 17 I N .  
HIP BREADTH......... ............................ 13.5 IN. 
CHEST DEPTH .................................... -10 I N .  
H I P  DEPTH . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8 .  5 I N .  
SHOULDER CIRCUMFERENCE .......................... 46 I N .  
H I P  CIRCUMFERENCE. .............................. 40 I N .  

FPS SIZE.. ...................................... m D I W  LONG 

A 

FIGURE 1 5  ANTHROPOMETRIC DATA - G; SAMUEL MATTINGLY 
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UNITED STATES OF AMERICA 

%CaPC4 FEDERAL AVI 4TION AGENCY 

4 8 r o r i a t e r  MEDICAL CERTIFICATE - Se-cwd- CLASS 
- --- --~. ._- - ------ 

THIS CERTIFIES THAT: ( F u l l  nu,. e and adhrrss) FLIGHT T R A I N I N G  CERTIFICATION 
r M A T T I N G L Y ,  George Samaal 

I Timonium, Maryland 

1 I 118 Chamuth Road 

I I-- 
._ - 

None 

I 

I 

.J 
FIGURE 15 ( C O N T . )  ANTHROPOMETRIC DATA - G. Samuel Mattingly 
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S U B J E C T .  ....................................... .Franz, W . J .  

A G E . . . . . . .  ..................................... .19 

F L I G H T  P H Y S I C A L  STATUS......................... .FAA/CLASS I1 

WEIGHT .......................................... 182 LBS. 

H E I G H T . . . . . . . . . . . . . .  ............................ 70 I N .  

ANTHROPOMETRIC DATA 

H E I G H T . . . . . . .  ................................... 70 I N .  
~ ~ I G H T . . .  ....................................... 182 LBS. 
CERVICAL HEIGHT ...............................~.59 I N .  
SHOULDER BREADTH.... .  .......................... -18 I N .  
H I P  BREADTH.... . . . .  ............................ .14 I N .  
CHEST DEPTH.  ............~.......................9 I N .  
H I P  DEPTH ..................~......~.~.............9.5 I N .  
SHOULDER CIRCUMFERENCE .......................... 46 I N .  
H I P  CIRCUMFERENCE ............................... 42 I N .  

FPS S I Z E . . . . . . . .  ................................ MEDIUM LONG 

F I G U R E  16 ANTHROPOMETRIC DATA- W. F U N 2  
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Sui t /Di r /Ps i /Run 

AH' - 0 7 3 7 ~ ~ 2 1  
AH/"  -C/3/G-2 2 
A w/o /C-0/2/G-23 
A"$ -C;/2'/G - 24 

AYc-0Fp-25 A p c p p - 2 6  
AH/C -0/o/c-27 
AH/O-C/O/G-28 

EXPERIMENT DATA SHEETS 

Sub-Task Number 
A B C D E 

8.75 20.50 15.05 6.37 3.00 
3.06 16.44 7.75 4.87 4.81 
2.44 10.50 6.94 6.56 2.31 
4.31 10.50 3.87 2.25 2.50 
1.50 5.50 2..25 1*44 1.50 
2.75 4.12 ,3031 1.56 2.00 
1.56 2.69 3.25 094 2.00 
2.31 1.81 1.2.06 -56 3.38 

3.2 22.3 15.3 8.2 4.8 
4.8 17.6 21.6 12.2 5.8 

Figure 17 

F Time 
Tot a1 

;i:# 1 
4-13 

13.65 3.87 40.95 
5.37 3.37 20.93 
5.75 2.81 22.30 
1.88 2.50 14.82 
2.56 3.00 15.68 

17.9 14.2 94.1 
19.7 24.8 98.3 

3.3 13.5 20.9 8.3 5.9 
3.8 19.0 7.8  8.5 3.6 
2.9 10.8 10.8 5.8 3.8 
0.9 10.8 5.4 4.1 3.5 
4.6 7.1 10.4 5.0 1.6 7.7 
1.8 5.4 4.03 2.9 3.5 11.3 
1.9 2.2 1.9 1 .5  1.7 
1.i 2.3 1.9 2.2 0.8 
1.4 1.3 1.7 1.5 1.5  
1.1 1.6 1.8 1.0 0.9 
4.3 10.9 
2.4 11.8 
3.6 10.7 
2-3 9.5 
3-2 9.1 
2.3 7.4 
1.0 5.7 
1 .5  4-09 

9.6 6.2 2.4. 
9 . 8  5.9 2.2 
'7.2 4.9 2.9 
6.4 2.9 3.0 

4.08 1.8 1.8 

7.4 5.7 2.5 
3.0 2.8 1.4. 

5.0 2.2 1.4 

12.7 
15.2 
11.4 
10.5 

2.1 
2.0 

'2.2 
2 .1  
3.9 

21.0 
10.0 
13.5 
2.9 

8.1 
14.0 
5.0 
7.5 
4.7 
3.3 
1.6 
2.3 
1.5 
2.5 
9.3 
5.7 
5.9 

10.4 
5.9 

72.7 
71.9 
50.5 
42.7 
41.1 
32.5 
12.9 
12.6 
11.1 
11.0 
46.6 
58.8 
45.2 
48.0 
36.7 

LO 3.2 3i.i 
7.3 6.3 28.7 

NOTES: Times  were ca lcu la ted  from motion p i c tu re  r e e l s  numbered 6 
and 7 using e d i t o r  and frame counter. 
were ground runs. 

A 1 1  the  above runs 

# FINAL EXIT NOT COMPLETED DURING THIS RUN 

Runs G - 1  through G-8 were made on 7-16-64. 
Runs G-9 through G-20 were made on 7-29-64 
Runs G - 2 1  through G-28 were made on 7-30-64 ip-O/3 . 5/GL-1 10.7 16.9 71.5 20.9 11.8 7.4 12.9 152(4) 

-C/3.5/CL-2 23.6 38.8 63.7 12.3 23.2 27.2 189(5) 
A /C-S/3.5/GL-3 23.7 28.9 5b.9 18.2 22.5 41.4 46.0 236(6) 

G/C-O/2/GL-4 4.7 13.3 32.0 .3 12.2 11.0 13.2 87 
G/O-C/2/GL-5 5 .1  13.2 16.7 11.7 3.2 11.6 
G/C -0/2/GL-6 
G p - S p p - 7  3.0 7.7 15.5 6.8 17.1 44.3 17.5 112 

3.3 11.1 21.3 15.3 3.7 45.6 9.0 

G / S  - C / 2 / G L  -8 9.9 12.5 34.1 20.0 3.8 8N9)  
NOTE: 1. Runs GL-1 through GL-3 were from r e e l  No. 3 with Mattingly 

as subject  on 6-18-64. 
Runs GL-4 through GL-8 were from r e e l  No. 5 with Kent as 
subject  on 4-38-64. 
A l l  t h e  above runs were made on 4-28-64 a t  Langley, Virginia 

2. 

3 .  

2 8  



Figure 17 
(Cont . ) 

NOTES : (Cont ) 
4. Sub-Task G i s  approximate 
5. Sub-Task C i s  not completed 
60 Exit i n  t h i s  run w a s  t o  side door 
7. Sub-Task A and C are approximate. 
8. Sub-Tasks F and G are approximate. 
9.  Sub-Tasks F and G are not completed. 

e d i t o r  and frame counter. 
LO. Times were calculated from motion p i c tu re  films using 

27.2 27.5 31.6 17.6 10.8 14.6 27.2 156.5 AYc-op/UW-l A /O-C/2/UW-2 11.2 26.0 38.1 19.6 10.3 13.3 27.2 145.7 

NOTE: The times f o r  sub-tasks f o r  underwater runs UW-1 and UW-2 are 
a composite of sub-task t imes f o r  severa l  incomplete runs. 

2.9 4.8 10.2 8.5 11.8 8.8 5.3 

6.3 6 .3  5.9 
5.1 -- 5.1 3.3 -- _ _  -- -- -- A C O  A 2  

7.8 -- -- 8.0 4.2 6.2 

TOTAL 9.2 11.1 16.1  16.3 24.9 16.3 16.6 

AY-cp/A-l 
-_ -- _ _  A P V /  H/ I p’A13 

AH/C- /l/A-4 

AVERAGE 4.6 5.6 8.1 8.2 8.3  5.1 5.5 45.4 

29 
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FIGURE 2 5  GROUND/NORMAL GRAVITY MODE 
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FIGURE 2 6 IV'ATER IMMERSION/NEUTRAL BUOYANY MODE 
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EXPERIMENT TASK 

Normal I/E Function 
Comparison 

- Water 

- A i r c r a f t  

EmerEency I/E 

- Ground 

- Water 

Hatch Var ia t ion  

- Water 

Latching Torque 

- Ground 

- Water 

- A h r a f t  
Equipment Operation 

and P1 acement 

- Water 

- Water 

- A i r c r a f t  

Air lock and Passage 
Cons t r a in t s  

- Water 

Eleva ted  Pressure 
Operation 

- Ground 

- Water 

FIGURE 29 PHASE I - EXPERDENT SCHEDULE 
41 
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'Page 1 of  11 

TABLE I - AIRLOCK INGRESS/EGRESS MANEUVER (NORT'IAL MODE) 

Gross Tasks/ 
Subtasks 

Equipment 

Support Equipment . A 

and Personnel 

Displays 

Diagnosis and 
Decisions 

Action 

Feedback 

Incidence 

Estimated 
Time (Sec)  

Airlockflngress and Egress 

Airlock, hatches,  f u l l  pressure s u i t ,  
s e l f  contained breathing equipment 

Co-munication gear ,  t e s t  d i r e c t o r ,  
ba las t  w t  . disconnects,  constant 
pressure relief valve 

Suit r e l i e f  pressure gauge, s u i t  
pressure supply ind ica to r  

Recognizes a i r lock ,  su i t , ha t ches  i n  
v i sua l  working order ,  preliminary 
t o  ingress/egress 

Approaches hatch 

Visual proximity of hatch 

Twice per  maneuver 

106-172 
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h 

Table I Cont. Page 2 of 11 

AIRLOCK INGRESS/EGRESS MANEUVER (NORMAL MODE) 

Gross Tasks/ 
Subtasks 

Equipment 
9 Support Equtpment 

and Personnel 

Displays 

Diagnosis and 
Decisions 

Action 

Feedback 

Incidence 

1- Unlock and open hatch (1) 

Latch Handle and Indica tors  

Communication gear, t es t  d i r e c t o r ,  
ba l a s t  w t .  disconnects,  constant 
pressure r e l i e f  valve 

Latch open/closed ind ica to r ,  a i r lock  
press ind ica to r  

Latch i n  closed pos i t ion ,  door closed 
and s e a l ,  move handle 1/8 t u r n  counter 
clockwise t o  unlatch door. Check 
a i r lock  t o  see i f  pressure balances. 

Unlatch door 

End o f  s top  causes motion cessat ion 
of l a t c h  then p u l l  door f u l l  open 

Twice per  maneuver 

Estimated 
Time (Sec)  

3-5 

43 



Gross Tasks/ 
Subtasks 

2- Inspect Seal Area and Airlocks 
Int ernals 

I 

I Equipment 
Support Equipment 
and Personnel 

Communications Gear 

Communication gear, test director, 
balast w t  . disconnects, constant 
pressure relief valve 

Displays 

Diagnosis and 
Decisions 

Action 

Feedback 

Incidence 

Estimated 
Time (Sec) 

Visual recognition 

Recognize airlock and seal area in 
visual working order preliminary to 
passageway entry. 

Manually check for seal and seal 
surface continuity. Oral communica- 
tion. 

Visual and manual continuity 

Twice per maneuver 

15-20 
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! Page 4 of 11 

Table I: Cont. 

AIRLOCK INGRES/EGRESS MANEUVER (NORMAL MODE) 

Gross Tasks/ 
Subtasks 

Equipment 

Support Equipment 
and Personnel 

- 
Displays 

Diagnosis and 
Decisions 

Action 

Feedback 

Incidence 

Estimated 
Time (Sec)  

3 -Enter Airlock 

Communications gear 

Communication gear, t es t  d i r e c t o r ,  
balast wt;. disconnects,  constant 
pressure re l ie f  valve 

Sui t  pressure gauge and a i r  supply 
gauge 

Check s u i t  pressure,  cont inui ty ,  
a i r lock  i n t e r i o r ,  preparatory t o  
t u r n  around f o r  door la tching.  

Inspection a i r lock  i n t e r i o r  and s u i t  
gauges, o r a l  communication free f l o a t  
entry 

Visual cont inui ty  and accepted values,  
f e e l  of s u i t  

Once per  maneuver 

8-10 



Table I Cont. 

Gross Tasks/ 
Subtasks 

I Equipment 

Page 5 of 11 

AIRLOCK INGRESS/EGRESS MANEUVER (NORMAL MODE) 

~* Support Equipment 
and Personnel 

Displays 

Diagnosis and 
Decisions 

Action 

Feedback 

Incidence 

4- Turnaround 

Communication gear  

Communication gear ,  t es t  d i r e c t o r ,  
ba l a s t  w t .  disconnects,  constant 
pressure relief valve 

Su i t  pressure and a i r  supply gauge 

A l l  l i n e s  and appurtenances c l e a r ,  
pressure O.K., c l e a r  t o  t u r n  around 

Fold knees i n  c lose ,  r o t a t e  body 
t u r n  180° i n  a i r l o c k  

Proximity and impact with a i r lock  
i n t e r i o r  

Twice per  maneuver 

15-20 Estimated 
Time  (Sec) 



c 
Table I Cont. Page 6 o f  11 

I AIRLOCK INGRESS/EGRESS MANEUVER (NORMAL MODE) 

Gross Tasks/ 
Subtasks 

Equipment 

Support Equipment 
and Personnel 

Displays 

Diagnosis and 
Decisions 

Action 

Feedback 

Incidence 

Estimated 
b Time (Sec)  

5-Close hatch and lock 

Communication gear ,  l a t c h  handles 
and ind ica to r s  

Communication gear ,  t e s t  d i r e c t o r ,  
balast w t .  disconnects,  constant 
pressure r e l i e f  valve 

Visual aspect of communication l i n e s  

Communication l i n e s  c l e a r ,  no hang-up 
o f  personal equipment o r  appurtenance 
pressure s u i t  check normal, l a t c h  i n  
open condition, r o t a t e  door. Seal-  
mating check, then handle turn 1/8. 

Rotate door manually, check seal 
engagement r o t a t e  l a t c h  1/8 turn. 
Inspect.  

Visual cont inui ty ,  l a t c h  unlock door 
i n e r t i a ,  door reaches end of t r a v e l ,  
s e a l  compression, l a t c h  drag and 
f i n a l  mating. 

Twice per maneuver 

5-10 
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Table I Cont. Page 7 of 11 

AIRLOCK INGRESS/EGRESS MANEUVER (NORMAL MODE) 

Gross Tasks/ 
Subtask I 

6-Turnaround 

(DUPLICATE OF 4 P R E V I O U S )  

r o  

Equipment 

Support Equipment 
and Personnel 

Displays 

Diagnosis and 
Decisions 

T P  

0 1  

Action ? T  

T O  

? ?  

15-20 

Feedback 

Incidence 

Est bated 
I Time (Sec) 

48 



Table I Cont. Page 8 of 11 

AIRLOCK INGRESS/EGRESS MANEUVER (NORMAL MODE) 

Gross Tasks/ 
Subtasks 

Gross Tasks/ P Subtasks 

b Equipment 

Support Equipment 
and Personnel 

Displays 

Diagnosis and 
Decisions 

Action 

Feedback 

Incidence 

Estimated 
Time (Sec)  

Comments A 

c 

6A-DEPRESSURIZE AIRLOCK PREPARATORY 
TO EXIT TO SPACE (Task not defined 
a t  present for t h e  i n i t i a l  f e a s i b i l -  
i t y  experiment 

7-Approach, Unlock and Open Hatch(I1) 

(DUPLICATE OF 1) 
i nd ica to r s  

Latch handles and 

? ?  

? ?  

t ?  

? ?  

5-7 

Greater time required than i n  (1) due 
t o  d i f f e r e n t  aspect /a t t i tude 

49 



Table I Cont. 

Gross Tasks/ 
Subtasks 

Equipment 

Support Equipment 
and Personnel 

Page 9 of  11 

AIRLOCK IMGRESSFGRESS MANEUVER (NORMAL MODE) 

Displays 

Diagnosis and 
Decisions 

Action 

Feedback 

Incidence 

Estimated 
Time (Sec) 

8-Exit Airlock 

Communication gear 

Communication gear ,  t e s t  d i r e c t o r ,  
balast w t  disconnects,  constant 
pressure relief valve 

Visual aspect of communication l i n e s  
and exit  area.  Safety hook-up, 
s u i t  pressure.  Indicators-radiat ion 
temp. of  e x t e r i o r  e t c .  

Recognize s e a l  area and exit are 
opera t iona l  check cont inui ty  

Inspection sa fe ty  l i n e  hook-up, 
a r r e s t ed  e x i t  and motion s tabi l iza-  

a t i o n ,  communication w i t h  i n t e r i o r .  

Visual cont inui ty ,  impact with air- 
lock,  s lack  take up and impact of 
a r r e s t i n g  gear. 

Once pe r  maneuver 

30-60 

50 
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Table I Cont. Page 10 of 11 

AIRLOCK INGRESSPGRESS MANEUVER (NORMAL MODE) 

Gross Tasks/ 
Subtasks 

Equipment 

Support Equipment 
and Personnel 

Displays 

Diagnosis and 
Decisions 

Action 

Feedback 

Incidence 

9-Turnaround 

Communication Gear 

Communication gear, test; director, 
balast w t .  disconnects, constant 
pressure relief valve 

Visual aspect of communications lines, 
exit area safety hook-up, suit 
pressure indicators-radiation, temp. 
of exterior etc. 

If safety hook-up and suit appurten- 
ances clear, proceed with turn 
around 

Rotation of body to airlock, stabil- 
ization of motion 

Visual motion cues, continuity and 
impact and restraint due to arrest 
gear. 

Once per maneuver 

Estimated 
Time (Sec)  

c 

5 -10 
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Table I Cont. Page 11 of 11 

AIRLOCK INGRESS/EGRESS MANEUVER (NORMAL MODE) 

Gross Tasks/ 
Subtasks 

Equipment 

Support Equipment 
and Personnel 

Displays 

Diagnosis and 
Decisions 

Action 

Feedback 

Incidence 

Estimated 
Time (Sec) 

10-Approach, c lose hatch,  for 
poss ib le  e x i t  o f  s a fe ty  man 

(SAME AS 5 PREVIOUS) 

t t  

O t  

t t  

t o  

t t  

t t  

5 -10 
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'1, 
I TABLE I1 I n g r e s s p g r e s s  Task Analysis-Reduced Version-Experiment 

Maneuver- Normal, Airlock E n t r y p i t  

Maneuver Subt asks- 

t 

A- Approach hatch, Unlatch hatch ( I ) ,  
Open hatch (I) 

B- Airlock Entry 

C- Turnaround, Close hatch ( I) ,  Lock hatch (I) 

D- Execute turnaround, Approach hatch (11) 

E- Unlatch hatch (II), Open hatch (11) 

F- Airlock Exit 

G- Turnaround (ex terna l ) ,  Close Hatch (11), 
Lock Hatch (11) 

53 



TABLE I11 

AVERAGE OO-gp T1I-E FOR EXISTING AIRCRAFT 

Aircraf t  Initial Airspeed h m a - h  min. 
(knots) ( feet)  

C-131~ 

T-33A 

c F-94C 

t KC-135 

F-100F 

F-lO4A 

X-15 

250 

350 

4-25 

500 

685 

800 

4500 

2,000 

5 ,  ala 

8,000 

10,000 

20,000 

30, ooo 
500, ooo 

I n i t i a l  
Angle 
(deg.1 

35 

55 

65 

50 

75 

753 
-- 

15 

30 

40 

35 
60 

80 

300 

54 
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TABLE I V  Test Schedule f o r  Zero Gravity Aircraf t  F l i g h t  

Direct ion:  Ci rcu lar  t o  Oblong, Unpressurized/Suited 

Maneuver No . Estimated Time 

1 1. Approach and Unlatch Door 5 sec. 

2 2. Enter  Airlock 8 sec. 

3 3 .  Turn Around and Latch Door 5 sec. 

r, 4. Turn Around and Unlatch Door 5 sec.  

5 5. Exit Airlock 8 sec. 

6 6. Turn Around and Latch Door 5 sec.  

Di rec t ion :  Ci rcu lar  t o  Oblong, Pressurized ( a )  0.5 PSIG 

7 1. Approach and Unlatch Door 5 sec.  

8 2. Enter Airlock 38 sec.  G O  sec. 

9 3 .  Turn Around and Latch Door >8sec. <2O sec. 

10 4. Turn Around and Unlatch Door Msec .  G O  sec. 

11 5. Exi t  Airlock S s e c .  <20 sec.  

1 2  6. Turn Around and Latch Door 5 see. 



I: APPENDIX - I DESCRIPTION OF STUDY AND EXPERIMENTS-PHASE I1 

Using the data derived in Phase I as a planning and control basis, the 
experiments and study accomplished in Phase I1 Will concentrate upon 
the engineering and design--information aspects of "general?' space 
station ingress egress, airlocks and passageways. The main portion 

immersion/neutral buoyancy mode and will be performed at the ERA 
facility. Control and validation experiments will be conducted as 
noted in both the ground/normal and aircraftpalanced gravity modes. 

level except for an initial set of aircraft experiments to be per- 
formed at the various pressures in order to acquire comparison 
functional data relative to the balanced gravity mode. 

of the Phase I I! experiments will be conducted employing the water 

I These validation experiments will be confined to a single pressure 

The following factors will be experimentally investigated in Phase 11: 

- Normal Ingressfigress Eunctional Comparison--ground, water 
?? 

- Emergency Ingressfigress Performance--ground, water 
immersion--0peratIng pressure 

- Hatch Dimension Variation--water immersion--operating 
pressure-4 h atches 

- Effect of Latch Torque-ground, water immersion, aircraft 
pressure--4 set levels of torque 

- Equipment Operation and Placement-water immersion- 
operating pressure-various configurations 

- Replenishment and Resupple--water immersion, aircraft-- 
operating pressure--6configurations 

- Airlock and Passageway Constraints--water immersion-- 
operating pressure-handholds, tethers, fixed-bar 

- Normal Operation (a) 5 PSIGO-ground, water immersion-- 
single run 

The experiments will be performed with the Phase I airlock mock-up 
utilizing the Navy, Mark IV, Mod I, Arrowhead FPS as modified in 
Phase I. 
unit, weight belts, flexible athletic shoes and pressurization and 
calibration system developed in Phase I. 
will be employed in Phase 11: 

rrc 
This modification includes the self-contained breathing 

The following equipment 

A-1 



- Exist ing a i r lock  

- Cutouts f o r  hatch dimension va r i a t ions  

- Modified hatches 
( a )  torque measurements handles 
( b )  torque measurements hinges 
( c )  p l a s t i c  seal flanges 

- Mock-ups o f  equipment t o  simulate 
( a )  pressur iza t ion  un i t  
( b )  communication u n i t s  
( c )  l i g h t i n g  un i t  

ex i t i ng  as turnaround 
- Handles, ra i ls ,  eyebol ts ,  c l i p s ,  e t c .  t o  a i d  i n  en ter ing ,  

- Mock-up o f  packages 

- Tether r e e l s ,  t e t h e r s ,  l i n e s  

A t e n t a t i v e  experiment performance schedule i s  detailed,  i n  Figure 29. 
It is noted t h a t  t h i s  schedule is subject  t o  c e r t a i n  unavoidable de- 
l a y s  i n  response t o  a i r c r a f t  scheduling requirements a t  WADC, p a r t i -  
culary as regards weather i n  t h e  period commencing i n  l a t e  October. 
It i s  an t i c ipa t ed  t h a t  t h e  t o t a l ,  a i r c r a f t p a l a n c e d  g rav i ty  mode 
experip.ents w i l l  comprise approximately 40-60 parabolas i n  t h e  
e x i s t i n g  WADC, C-ljlB a i r c ra f t .  

The study port ion of Phase I1 w i l l  concentrate mainly on t h e  planning, 
instrumentat ion,  acquis i t ion ,  co l l a t ion  and i n t e r p r e t a t i o n  of t h e  
d a t a  from t h e  above experiments and t h e  production o f  t h e  required 
in t e r im  and f i n a l  reports .  Additional study w i l l  be performed rela- 
t i v e  t o  experiment modeling techniques necessary f o r  t h e  va l ida t ion  
of t h e  water immersion simulation of manned 'Zero-gravity9 kinematic 
and dynamic pher,omena 

.C 

t 
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APPENDIX 11- IjECOMMENDATIONS FOR ADDITIONAL STUDY AND EXPERIMENTS 

During t h e  course of  t he  Phase I experiments, severa l  addi tonal  t a s k s  
have been conbeived which could serve t o  amplify and extend t h e  
an t ic ipa ted  i n  Phase 11. The major addi t ion  would comprise the 
determination of su i t ed  performance i n  an a i r lock  mock-up wherein t h e  
major dimensions and geometry could be adjusted so as t o  y i e l d  a dim- 
ensional  r e p l i c a t i o n  o f  t h e  experiment data. 
concept has been derived i n  which a gy l ind r i ca l  geometry a i r l o c k  
could be made ad jus tab le  i n  length,  diameter and door placement over 
a s t a t i s t i c a l l y  s ign i f i can t  range, i .e.  v a r i a t i o n  of diameter between 
4 f e e t  and 7 feet. The va r i a t ion  i n  geometry would comprise t h e  
performance of normal I/E tasks i n  t h e  7 foo t  spher ica l  a i r l o c k  
mock-up cur ren t ly  ex i s t ing  at LRC. 

Further,  add i t iona l  e f f o r t  appears t o  be warranted r e l a t i v e  t o  t h e  
e f f e c t  on performance of t h e  exact configuration extra-vehicular 
s u i t s  and l i f e  support components contemplated f o r  f u t u r e  NASA mission 
support, These would include the  Mercury one-gas s u i t ,  t h e  Gemini 
s u i t ,  ?'mock-up?? chest  and back-pack l i f e  support components and 
'?mock-up** umbilical  l i f e  support components. 

A preliminary design 

Operationally,  it appears useful t o  examine and simulate one and two- 
man rescue and recovery procedures i n  and through a i r locks .  This  is 
p a r t i c u l a r l y  appl icable  i n  combination with t h e  ad jus tab le  a i r lock  
mock-up previous discussed, i n  order  t o  determine minimum volume and 
dimensional r e s t r i c t i o n s .  

During t h e  establishment o f  t h e  neu t r a l  buoyancy weightings i n  t h e  
water immersion mode it became obvious t h a t  experiment performance a t  
var ious subgravity l e v e l s  such as luna r  e t c .  could r ead i ly  be achieved. 
This  procedure would provide a means f o r  determining equivalent low- 
ve loc i ty  motion performance a t  various reduced g rav i ty  l e v e l s  and 
appears appl icable  t o  r o t a t i n g  space s t a t i o n  and lunar  opera t iona l  
design concepts. 

The following l ist  summarizes ERA recommendations f o r  add i t iona l  
study and experiment e f f o r t  on NAS1-4059: 

- Variable dimensions, geometry a i r l o c k  experiments. 

- Inves t iga t ion  of t h e  performance and mobil i ty  c h a r a c t e r i s t i c s  
of t h e  Mercury, Gemini and Apollo EVS during ingress/egress 
operat ions.  

- Experiments r e l a t i v e  t o  the  e f f e c t s  var ious l e v e l s  of sub- 

- Ingress/egress operat ional  cons t r a in t s  d i c t a t ed  by t h e  
-,.employment of var ious self-contained l i f e  support components. 

- The inves t iga t ion  of multi-manned operat ions and rescue 

g r a v i t y  on ingress/egress. 

procedures i n  a i r l o c k s  and passageways. 

A - 3  


